Oolong tea-polymerized polyphenols (OTPP) are characterized polyphenols produced from semi-fermented tea (oolong tea). In the present study, we evaluated the suppressive effects of oolong tea extract and OTPP on postprandial hypertriglyceridemia in rats and mice. Lymphatic recovery of triglycerides in rats cannulated in the thoracic duct was delayed by the administration of oolong tea extract at 100 and 200 mg per head, and more effectively than with green tea extract. OTPP delayed lymphatic triglyceride absorption at 20 mg/head, though (À)-epigallocatechin gallate (EGCG) did not do so at the same dose. OTPP also suppressed postprandial hypertriglyceridemia after administration of olive oil in mice. The area under the curve (AUC) of plasma triglycerides was significantly decreased, by 53% and 76%, in the 500 and 1,000 mg/ kg OTPP groups respectively, as compared with the control group. These results suggest that OTPP is responsible for the suppression of hypertriglyceridemia by ingestion of oolong tea.
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Oolong tea, along with green and black teas, is commonly consumed in Japan, and is believed to be beneficial both in promoting health and preventing diseases. It has been reported that oolong tea has several physiological effects, including anti-oxidative, [1] [2] [3] antistress, 4, 5) anti-allergy, 6, 7) anti-carcinogenetic, 8) anticaries, 9, 10) anti-diabetic, 11) anti-atherogenetic, 12, 13) and anti-obesity 14) effects. Oolong tea has traditionally been manufactured from tea leaves via a semi-fermentation process. Flavan-3-ols, including catechins, which are major polyphenols in tea leaves, undergo a complex type of polymerization by both polyphenol oxidases and heat treatment in this process, and are converted to the high-molecular-weight oolong tea polymerized polyphenols (OTPP) charactering oolong tea. Recently, we successfully isolated OTPP from oolong tea extract by reversed-phase HPLC, and found that OTPP inhibited pancreatic lipase more effectively than oolong tea extract in vitro. 15) In a human study, we observed that postprandial serum triglyceride elevation after a high-fat meal intake at 3 h and 5 h was significantly suppressed by drinking an OTPP-enriched oolong tea, as compared with a placebo beverage. 16) These findings suggest that OTPP can contribute to suppression of postprandial hypertriglyceridemia.
Several studies have suggested that suppression of postprandial hypertriglyceridemia decreases visceral fat deposition. [17] [18] [19] Since hypertriglyceridemia is also an independent risk factor for coronary heart disease, 20) the suppressive effect of oolong tea on postprandial hypertriglyceridemia might be useful in preventing obesity and coronary heart disease.
Although oolong tea is known to influence lipase activity and postprandial serum triglycerides, there is no direct proof as to lipid absorption in thoracic duct lymph. The aims of the present study were to confirm whether oolong tea directly reduces lymphatic absorption of triglyceride, and whether OTPP in oolong tea extract are responsible for these effects. We also compared the effects of oolong tea extract and OTPP to those of green tea extract and (À)-epigallocatechin gallate (EGCG) as a major catechin of green tea, since it has been reported that the gallate moiety of green tea catechins inhibits pancreatic lipase and suppresses postprandial hypertriglyceridemia in rats.
21)

Materials and Methods
Chemicals. EGCG (purity > 90%) was purchased from Wako Pure Chemical Industries (Osaka, Japan). Sodium taurocholate, fatty-acid-free bovine serum albumin, and olive oil were from Nakalai Tesque (Kyoto, Japan).
Preparation of tea extracts and OTPP. Lyophilized oolong and green tea extracts were prepared from their leaves which are commercially available in Japan. The contents of polyphenols and caffeine in the extracts are shown in Table 1 .
OTPP were prepared from oolong tea extract by HPLC using a reversed-phase column (Develosil ODS-UG, 5 cm Â 50 cm, Nomura Chemical, Aichi, Japan) at a flow rate of 32 ml/min and a detection wavelength at 280 nm, following to the method of Nakai et al.
15) The solvent systems used were as follows: an isocratic elution of 20% CH 3 CN containing 0.05% TFA in water for 80 min, a linear gradient elution using 20-90% of CH 3 CN containing 0.05% TFA in water for 15 min, and then an isocratic elution of 90% CH 3 CN containing 0.05% TFA in water for 50 min. OTPP were eluted at between 130 and 140 min. The weight-average molecular weight (Mw) and number-average molecular-weight (Mn) values of OTPP were 2,017 and 903.
Animals and diet. Seven-week-old male Sprague Dawley (Crl;CD) rats were purchased from Charles River Japan (Tokyo). Five-week-old male C57BL/6J mice were purchased from Clea Japan (Tokyo). These animals were fed a commercial diet (CE-2, Clea Japan) and tap water ad libitum, and housed for 1 week before the experiments at 23 AE 1 C and a relative humidity of 55 AE 5% with a constant light/dark cycle (lights on from 7:00 a.m. to 7:00 p.m.). All animal experiments were performed under the guidelines established by the Japanese Society of Nutrition and Food Science (Law No. 105 and Notification No. 6 of the Japanese Government).
Lymphatic recovery of triglyceride in rats cannulated in the thoracic duct. Sprague Dawley (Crl;CD) rats weighing about 300 g were used in the experiment. The left thoracic lymphatic duct of the rats was cannulated with a vinyl tube, as described previously. 22) A second indwelling catheter was placed in the stomach for administration of a test emulsion. After surgery, the rats were placed in a restraining cage and were intragastrically administered a continuous infusion containing 139 mmol/l glucose and 85 mmol/l NaCl at a rate of 3.4 ml/h until the end of the experiment. The same solution was used as drinking water. The following morning, after collecting blank lymph for 2 h, each animal with a constant lymph flow rate was administered 3 ml of a test emulsion containing triolein with or without tea extracts. The test emulsion, which had been emulsified by sonication, contained 124 mM of sodium taurocholate, 16.7 mg/ml of fatty acid-free bovine serum albumin, and 75.3 mM of triolein. When the tea extracts were administered, a 100 mg or 200 mg portion of them was added to 3 ml of test emulsion before sonication. When OTPP and EGCG were administered, they were dissolved in 0.3 ml of 50% ethanol by gradual addition to 2.7 ml of test emulsion, and then homogenized with a Teflon-glass homogenizer. The dose of OTPP administered was determined from the OTPP content in oolong tea extract, as shown at Table 1 . Twenty mg/head of OTPP nearly corresponded to 200 mg/head of oolong tea extract. A 6.6 mg or 13.2 mg portion of caffeine was added to 3 ml of test emulsion before sonication, and this corresponded to the caffeine content (6.6%) in oolong tea extract. Lymph samples were collected in ice-chilled tubes containing EDTA for 24 h after administration of the test emulsion. Triglyceride concentrations were measured using a diagnostic kit (International Reagents, Hyogo, Japan).
23) The lymphatic triglyceride absorption of each test emulsion was represented as the difference between the triglyceride value obtained and the lymphatic triglyceride in blank lymph.
Postprandial hypertriglyceridemia in mice. C57/BL male mice weighing about 21-22 g were deprived of food overnight before the experiments, and were divided randomly into three groups (n ¼ 26 per group). The mice were orally administered OTPP as a suspension in 20% ethanol (500 or 1,000 mg/10 ml/kg) immediately before administration of olive oil (5 ml/kg). Subgroups of five or six mice were sequentially killed by cervical dislocation at 0, 1.5, 3, 4, and 5 h after administration. Blood was immediately taken by cardiac puncture and collected in a heparinized tube. The triglyceride level of plasma prepared by centrifugation was measured using an enzyme assay kit, as described above.
Statistical analysis. Values are the mean AE standard error (SEM). Statistical analyses were performed by Two-way repeated-measures ANOVA, followed by Dunnett's post hoc test to identify significant differences from the control group, or a two-tailed unpaired Student t-test between two groups. All analyses were performed using SPSS Advanced Models Version 10.0 j (SPSS, Chicago, IL). Differences were considered significant when probability values were less than 0.05.
Results
Delay of lymphatic triglyceride absorption by oolong tea and OTPP in rats cannulated in the thoracic duct Lymph flow rates were maintained at almost constant levels (median of flow rate, 5.5 ml/h), and no differences were observed in rate of flow among the experimental groups (data not shown). Lymphatic recovery of triglycerides in rats cannulated in the thoracic duct was delayed by the administration of oolong tea extract at 100 mg and 200 mg per head, more effectively than with green tea extract (Fig. 1) . Table 2 shows the lymphatic recoveries of triglycerides at 3, 5, and 24 h after administration of test emulsions. Lymphatic absorption of triglyceride was significantly decreased, by 22% (P < 0:05), during the initial 5 h after administration in the 100 mg oolong tea group. This was extent comparable to that in the 200 mg green tea group (19%; P < 0:01). OTPP lowered lymphatic absorption Values are means AE SEM for 5-6 rats. Two-way repeated-measures ANOVA: A, effect of interaction between group and time, P < 0:001; B, effect of interaction between group and time, P ¼ 0:095; effect of group, P < 0:001. Significantly different at each time point from control group, Ã P < 0:05, ÃÃ P < 0:01, ÃÃÃ P < 0:001. of triglyceride by 26% (P < 0:05) at 20 mg/head, which accounted for more than 60% of the corresponding dosage for the lymphatic absorption-lowering effect of oolong tea (200 mg/head). EGCG did not do so at the same dose ( Fig. 2 and Table 2 ). No delay of lymphatic triglyceride absorption was observed with administration of caffeine at a dose corresponding to 6.6%, the content of caffeine in oolong tea extract ( Table 2) .
Suppression of postprandial hypertriglyceridemia by OTPP in mice
Plasma triglyceride levels after administration of olive oil with or without OTPP are shown in Fig. 3 . OTPP significantly suppressed the elevation of plasma triglyceride levels by dietary fat. The AUCs at 5 h after administration were 12:8 AE 1:94 mmol/l Ã h, 6:06 AE 0:37 mmol/l Ã h (P < 0:01), and 3:02 AE 0:61 mmol/l Ã h (P < 0:001) at 0, 500, and 1,000 mg/kg of OTPP respectively.
Discussion
Obesity is a serious social problem in advanced industrial countries, including Japan, and increases in dietary fat intake are thought to be a major cause of it. 24) Since hypertriglyceridemia is an independent risk factor for coronary heart disease, suppression of intestinal absorption of dietary fat might be clinically useful. We demonstrated for the first time that oolong tea markedly lowered intestinal triglyceride absorption when administered with dietary fat, by determining the lymphatic recovery of triglycerides in rats cannulated in the thoracic duct. This effect was stronger than that obtained with green tea, as shown in Fig. 1 . These results were supported by the fact that the activity of pancreatic lipase, the key enzyme of lipid absorption in the intestine, was inhibited more effectively by oolong tea extract (IC 50 ¼ 0:91 mg/ml 15) ) than by green tea extract (IC 50 ¼ 1:28 mg/ml; unpublished data).
OTPP are produced by semi-fermentation and heat treatment of tea leaves, and are the characteristic polyphenols of oolong tea. It is therefore more abundant in oolong tea than in green tea. Recently we isolated OTPP from oolong tea extract by reversed-phase HPLC, and found that the inhibitory activity of OTPP on pancreatic lipase (IC 50 ¼ 0:28 mg/ml) was stronger than that of oolong tea extract (IC 50 ¼ 0:91 mg/ml) or tannase-treated OTPP (IC 50 ¼ 1:38 mg/ml). 15) We have also found that OTPP played a key role in the suppression by oolong tea of postprandial hypertriglyceridemia, in a randomized double-blind placebo-controlled crossover study using an OTPP-enriched oolong Values are means AE SEM for 5-7 rats. Two-way repeated-measures ANOVA: A, effect of interaction between group and time; P < 0:01. Significantly different at each time point from control group, Ã P < 0:05, ÃÃ P < 0:01. Values are means AE SEM for 5-6 mice. Two-way repeatedmeasures ANOVA: effect of interaction between group and time; P < 0:001. Significantly different at each time point from control group, Ã P < 0:05, ÃÃ P < 0:01, ÃÃÃ P < 0:001.
tea beverage. The study was conducted on 22 human subjects with mild or borderline hyperlipidemia. The AUCs of both serum triglyceride and chylomicron levels decreased significantly, by 18.3% (P < 0:05) and 29.9% (P < 0:01) respectively. 16) In this study, we directly confirmed that OTPP delayed lymphatic triglyceride absorption at a dose corresponding to the amount of OTPP in oolong tea extract in rats (Fig. 2 and Table 2 ). Because the lowering effect of OTPP on fat absorption was weaker than that of oolong tea extract, there is a possibility that OTPP with other catechins in oolong tea can be effective in lowering fat absorption. Several studies have shown that catechins with a galloyl moiety effectively inhibit pancreatic lipase activity and suppress postprandial hypertriglyceridemia by delaying lymphatic transport of dietary fat. 15, 19, 21) OTPP were a mixture of high-molecular-weight polyphenols with galloyl moieties and a potent lipase inhibitor, as describe above. The lowering effect of OTPP on fat absorption was more effective than that of EGCG, as shown in Fig. 2 . OTPP also significantly suppressed postprandial hypertriglyceridemia in mice (Fig. 3 ). Since OTPP is major component in oolong tea (Table 1) , the predominant suppressing effect on postprandial hypertriglyceridemia by oolong tea can be ascribed to OTPP.
Oolong tea and OTPP significantly reduced intestinal triglyceride absorption during the initial 5 h after administration of test emulsions, though with each, total 24 h recovery of triglyceride did not differ from the control level, as shown in Fig. 1 and 2 . Because the effects of oolong tea and OTPP are calmer than that of medicinal lipase inhibitors such as orlistat, (Xenical; Hoffmann-La Roche, Basel, Switzerland), the effects might not last for 24 h under the experimental condition (viz., 48 h fasting and restricted digestive tract movement in a restraining cage). OTPP also significantly suppressed postprandial hypertriglyceridemia in mice, and the highest point of plasma triglyceride was decreased by administration of OTPP (Fig. 3) . It is suggested that OTPP inhibits fat absorption rather than delaying its entry into the intestinal tract. We also confirmed that fecal fat excretion increased remarkably when 0.1% and 0.5% OTPP diets were administered with a high-fat diet to mice for 12 weeks (unpublished results). Moreover, we determined in a human study that polyphenol-enriched oolong tea increased lipid excretion into the feces when subjects took a high lipid diet. 25) These findings confirm that oolong tea and OTPP inhibited dietary fat absorption in the intestine by inhibiting pancreatic lipase activity.
Han et al. reported that oolong tea prevented the obesity induced by feeding of a high-fat diet by inhibiting pancreatic lipase activity and accelerating catecholamine-induced fat metabolism. 14) They also reported that the anti-obesity effects of tea saponin might be mediated in part through delay of intestinal absorption of dietary fat via inhibition of pancreatic lipase activity. 17) Tea saponin might also take part in suppression of fat absorption, similarly to the contribution of catechins to absorption, as described above, besides OTPP in oolong tea, although at least the content of OTPP in oolong tea extract is more than three times that of tea saponin. It has been shown in several animal studies that caffeine also has anti-obesity effects. [26] [27] [28] In the present study, we found that caffeine neither inhibited pancreatic lipase nor suppressed lymphatic absorption of triglyceride.
In conclusion, we found that oolong tea suppressed lymphatic absorption of triglyceride more than green tea, and that OTPP as a major component in oolong tea can exhibit this effect in rats. OTPP also directly suppressed postprandial hypertriglyceridemia in mice. Oolong tea beverages are widely consumed in Asian countries, particularly in Japan, and it has been generally recognized as safe based on experience with intake over several hundred years. Our findings suggest that ingestion of oolong tea with food is beneficial in preventing obesity and coronary heart disease.
